Abstract This paper initially reviews the current range of lo cation techniques on GSM networks, such as Cell-I D, GPS, A GPS, Time Difference of Arrival (TDOA) and E-OTD (En hanced Observed Time Difference). It shows how these tech niques can be applied to the future migration to 3G networks.
There is, obviously, constraints to these technologies, such as changes in business strategies, investment risk, limitations in mobile devices, networking problems, infrastructure con straints, security concerns, and a general user distrust of mo bile applications [2] .
There is generally a lack of published work in this area, and it is often confusing as to the accuracy and relevance of the methods used in mobile phone tracking. This paper thus focuses on the main methods that can be used to provide lo cation information, especially for the GSM network, and to show how these techniques can be used to determine the ac curacy of the location-finding technique.
The best technique for location-finding is, of course, the GPS (Global Positioning System) system which has good accuracy for virtually any area of the world. Unfortunately, it can be relatively expensive to implement, and does not give good coverage around and within buildings. Users can thus be tracked in an open environment, but their trace may be lost as soon as they enter a building, or if the path between them and the GPS satellites is obstructed. Mobile phone tech niques, on the other hand, are generally less expensive to implement, and can give reasonable accuracies. These tech niques can thus be useful to network operators in providing services based on geographical locations, and also to users, such as in tracking field service engineers, or in tracking transport services [1] . A major worry in mobile communica tions, though, is that users often distrust the security of mo bile devices [2] . For this, a context-aware mobile information system (CAMIS) has been developed [3] , which uses a non-K Raja . Newton St Boswell, UK kashif@justfone.com
intrusive push] technology to deliver information to mobile users using a cell-broadcast.
Generally, positioning technologies can be defined in terms of:
• Performance. This is based on the accuracy of the posi tioning method that gives different levels of accuracy and hence aims at different market sectors. For example, fleet managers do not require a high level of accuracy, so this method can simply find the nearest antenna to the device. However, emergency services, such as mountain rescue or ambulance services, are likely to require more accuracy, such as determining the distance that the de vice is away from several antennas.
• Complexity. Sometimes combining and deploying two or more location technologies gives results that are more accurate. These positioning technologies can be grouped under complexity, and are commonly known as hybrid systems.
• Implementations requirements. Some implementations require extra implementations in the existing systems to achieve some degree of accuracy, such as in the software requirements of the handsets, or in the hardware re quirements of the mobile network.
• Investment. This is a major factor, and it depends on the amount of additional services that the network can pro vide for in the future, and their required level of accu racy.
Nokia [4] define four different service area sizes for the accu racy. The requirement of the application typically defines which of these is required. They are:
• Town-specific. This would basically involve determin ing the city/town that the device is located in, and would be able to differentiate the location of different towns, such as between Edinburgh, UK and Livingston, UK.
• District-specific. This would involve determining the location between different districts, such as determining between different districts of Edinburgh, UK, such as the South of Edinburgh and the West of Edinburgh.
• Quarter-specific. This would involve determining the quarter of the location, such as between different areas of I A push technology involves information being sent to the mobile device without the user actually requesting it, where 3S a pull technology involves the user actually requesting the information. There is curre ntly a trend to wards a more pro-active system of using push technologies to send infonna tion to the user, without them requesting it a city such as between the Gorgie and the Morningside areas of Edinburgh.
• Street-specific. This would involve detennining the ac tual street of the device.
The calculation of location can either be done by the handset (in the handset-based mode), or by the network (in the hand set-assisted mode). In the handset-assisted mode, the handset makes measurements, and reports these back to the network as a Network Measurement Report (NMR), which calculates the handset position.
II.

LOCATION-FINDING METHODS
This section outlines some of the practical techniques using in locating handsets used in GSM networks, and the follow ing section shows how these methods are being extended into • GMLC (Gateway Mobile Location Centre). This is re sponsible for the interface between the application and the network, and converts the location inform � tion into the required format.
• SMLC (Serving Mobile Location Centre). This is re sponsible for actually making the measurement, and in volves some knowledge of the cell layout and geographical information.
• LMU. This is used with E-OTDIOTDOA (OTD Of Ar rival) and allows for the synchronization measurements.
It can either be integrated in the mobile device, or dis tributed over the network:
With 3G, the four main methods are likely to be:
Cell 10. This is identical to Cell 10 used in GSM meth ods, and the accuracy will relate to the size of the cell. OTDOA. This is a The UMTS. 
IV. EXPERIMENT
The purpose of this section is to show how much the accu racy of the location-find can vary, and also the methods that can be used to determine the accuracy of the location-finding method. Experiments were conducted in a city location, and in the rural location. In almost all situations, the rural location gives the worst accuracy as the cell sizes are at the largest.
The procedure used in defined in [5] and uses:
1. Nokia Handset 7210 with NetMonito�.
2. GPS receiver (Benefon) or from network operator's
A. Results outside a city using GPS to locate the device Figure 4 shows an experiment in the Borders of Scotland (around Newton St. Boswells), and Table 1 summarizes the results. The two concentric circles are a set of minimum and maximum distance from each base station. Since each time slot, when converted to distance value, represents 550m, the mobile station can possibly be either at the start of the time slot, or can be right at the end. Hence, the distance between the two concentric circles is 550m. According to the Figure   5 , the handset location area is shaded and has a radius of 310 m. Thus the resolution accuracy, in this case, is 310m.
NetMonitor is an administrative software tool for Nokia mobile phones that is mainly used for monitoring network and phone parameters. Results around a city using WWW-based location finding
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In this case the mobile device will be based in one location NetMonitor, the channel frequency, timing advance, cell global identity and signal strength can be recorded and the results outl ined in Table 2 .
As the timing advance to each base transceiver station is known and by using equation, it is possible to workout the maximum and minimum distance to each BTS. The differ ence between each maximum and minimum d istance is 550 m, which is exactly the difference of one timing advance.
First thing that has to be noted is that Edinburgh is a heavy populated urban area, so there is no shortage of base station square. Although the data collected can still be 'pushed' to a location based server, the value of the infonnation returned to the user would be minimal as all it could do was give a very rough estimate of the mobile station location, which in this case is anywhere located within the circle.
V. CONCLUSIONS
The migration of location-finding methods from GSM to 3G
will bring enhancements to the existing methods, but there are still many issues to be solved. A major element is that the resolution of the location method typically depends on the size of the cells used. In and around the cities, the cell sizes tend to be small, so that the mobile station can be tracked with a reasonable accuracy. Unfortunately in remote areas the cell sizes can be large, thus the location finding methods of ten give poor accuracies. A-GPS methods are obviously the best techniques for locating the mobile station, but it does suffer when there is poor radio reception, especially within buildings.
As has been seen, A-GPS suffers from poor coverage in urban environments and also within buildings. On the other hand, OTDOA suffers from problems associated with non line-of-sight radio propagation, and in hearability issues. An alternative approach, which reduces the multi-path problem, is Database Correlation Method (DCM) [9 ] . It uses a data base which uses an a priori collection of measures of meas ured or predicted signal levels, along with other location related data on the defined service area (I OJ. This technique compares signal measurements from the mobile station with signal estimations in the database. It has been shown that an accuracy of 44m is possible in GSM networks. If used in UMTS networks the technique could use wide bandwidth to defined radio channel power delay profiles (PDP).
In conclusion, it is likely that mobile phone operators will used several methods, which will typically define the accu racy required, such as [4]:
• Basic. This will include Cell-ID and Cell-ID with RTT to give accuracies which relate to the size of the cells. In urban situations these accuracies are likely to be reason able, but in remote situations these are likely to be poor.
The applications of this might include tourist and fleet management applications.
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• Enhanced. This will use methods such as OTDOA and E-OTD which provides enhanced location-finding meth ods, and gives a wide coverage, including within build ings. Applications of this are likely to include the tracking of children, car emergency response and asset tracking.
• Extended. This uses A-GPS techniques and gives the highest accuracy. Unfortunately it suffers from a lack of coverage within buildings. Typically applications are likely to include stolen car recovery and vehicle naviga tion.
In general, as has been seen in this paper, the actual accuracy will typically relate to the actual environment of the device. 
